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I. INTRODUCTION 

The A(3872) is one of the new meson resonances discovered during the last years whose properties cannot be 
simply explained and understood in conventional quark models. Several structure interpretations for the A (3872) have 
been proposed in the literature (for a status report see e.g. Refs. @, H,0|)- In the context of molecular approaches [f|- 
[3~fl | the A(3872) can be identified with a weakly bound hadronic molecule whose constituents are D and D* mesons. 
The reason for this natural interpretation is that its mass nix is very close to the D°D*° threshold and hence is in 
analogy to the deuteron — a weakly bound state of proton and neutron. Note, that the idea to treat the hidden 
charm states as hadronic molecules traces back to Refs. [!, [|[. Originally it was proposed that the state A (3872) is 
a superposition of D°D*° and D°D*° pairs. Later (see e.g. discussion in Refs. [3 also other structures, 

such as a charmonium or even other meson pair configurations, were discussed in addition to the D°D*°+ charge 
conjugate (c.c.) component (here and throughout the paper we use the convention that D*° does not change sign 
under charge conjugation. See detailed discussion in Ref. [3CJ). The possibilit y o f two nearly degenerated A (3872) 
states with positive and negative charge parity has been discussed in Refs. |25l |32||. 

This paper focuses on the hadronic A — ► Xcj + (k , 2tt), A — ► J/ip + (2tt, 3tt) and radiative X — ► J/ip + (ir°j, 7) 
decays. The A(3872) with quantum numbers J PC = 1 ++ is considered as a composite hadronic state including a 
dominant molecular D°D*° component and other hadronic pairs - D ± D* T , J/tpu and J/ipp. This idea was originally 
proposed in [l4j]. Applying the compositeness condition we constrain the couplings of A (3872) to its constituents. 
We calculate two- and three-body hadronic decays of the A (3872) to charmonium states \ c j and pions using a 
phcnomenological Lagrangian approach. Next, using the estimated XJ/ipuj and XJ/ipp couplings we calculate the 
widths of X — > J/ip + h transitions, where h = 7r + ir~ , 7r + 7r~7r°, n°j and 7. Present experimental numbers for the 
ratios of observed decay modes of A(3872) by the Belle [HJ and BABAR (34| Collaborations are 

IM^.,„ ± 0.4 (s «) ± 0.3( 8ySt ) (., 



and 

L(A - J/^y) 



T(X -> J/tPtt+tt-) 



0.14 ±0.05 (Belle); 0.33 ±0.12 (BABAR). (2) 



The theoretical a naly sis of hadronic and radiative decays of X (3872) has been carried out using a charmonium 
interpretation fl3l . fig] , different molecular approaches 11 , HH [l8l [29l . l3l| with possible inclusion of charmonium and 



other hadronic components in the X wave function, QCD sum rules in [351 ], multipole expansion in QCD and chiral 
properties of soft pions [36]. In particular, pionic transitions from A(3872) to the charmonium states XcJ have been 
considered using a pure charmonium and four-quark 36] structure for the A (3872) and later on in the molecular 
interpretation [311 ] . A conclusion was that the decay rates significantly depend on the structure interpretation of the 
A (3872). It was also proposed that the A (3872) to J/tp transitions are dominated by short-distance effects and in 
the mechanism of these transitions the J/ipu) and J/tpp components of A probably play the essential role (l7l. [l8|. 

In Refs. [2^, [37], [HI we developed the formalism for the study of recently observed exotic meson states (like 
Z?* (2317), D s i(2460), A(3872), •••) as hadronic molecules. In Ref. [2^] we extended our formalism to the decay 
A — > J/tp^ assuming that the A is the 5-wave, positive charge parity (D°D* + D* D°)/^/2 molecule. As for the case 
of the D* and D s i states, a composite (molecular) structure of the A (3872) meson is defined by the compositeness 
condition Z = [H, 0, El[ (see also Refs. [33, HI]). This condition implies that the renormalization constant 
of the hadron wave function is set equal to zero or that the hadron exists as a bound state of its constituents. 
The compositeness condition was originally applied to the study of the deuteron as a bound state of proton and 
neutron [39(. Then it was extensively used in low-energy hadron phenomenology as the master equation for the 
treatment of mesons and baryons as bound states of light and heavy constituent quarks (see e.g. Refs. [4(| 53). By 
constructing a phenomenological Lagrangian including the couplings of the bound state to its constituents and the 
constituents with other particles we calculated one-loop meson diagrams describing different decays of the molecular 
states (see details in [23, H3, Hs})- I n R- e f- [13 we estimated the role of a possible charmonium component in the 
A (3872). We showed that the charmonium contribution to the A — > J/ipj decay width is suppressed in comparison 
with the molecular D°D*° component. As already stressed before, here we consider the A(3872) as a superposition 
of the molecular D°D*° component and other hadronic pairs - D ± £'* =F , J/ipoj and J/tpp- Because of the dominance 
of the D°D*° component in the transitions of A into charmonium states Xcj and pions we estimate these decays 
using only that component. In the analysis of the decay widths with J/ip in the final state we will use the effective 
couplings XJ/ipuj and XJ/ipp deduced from the compositeness condition. 

In the present paper we proceed as follows. In Sec. II we first discuss the basic notions of our approach. We discuss 
the effective mesonic Lagrangian for the treatment of the A(3872) meson as a superposition of the D°D*° + D*°D° 
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molecular component with the additional D + D* ~ +D~ D* + and J/ipu> and J/ipp hadronic pairs. Second, we consider 
the two-body hadronic decays X(3872) — > Xc.j + 7r°(27r°). Third, we discuss decays with J/tp in the final state. In 
Sec. Ill we present our numerical results and perform a comparison with other theoretical approaches. Finally, in 
Sec. IV we present a short summary of our results. 



II. APPROACH 



A. Structure of the X(3872) meson 

In this section we discuss the formalism for the study of the X(3872) meson. We adopt the convention that the 
spin and parity quantum numbers of the X(3872) are J = 1 ++ . Its mass we express in terms of the binding energy 
e_D°Z3*° > with 

rax — m D o + m D *o — e D o D *o , (3) 

where m D o = 1864.85 MeV and ra^.o = 2006.7 MeV are the D° and D*° meson masses, respectively. 

Following Ref. [3| we consider this state as superposition of the dominant molecular D°D*° component and other 
hadronic configurations - Z? ± D* =F , J/tpoj, and J/tpp: 



1/2 ,yl/2 

|.Y,;-;n72)> = -J2^QD°D*°) + {D *o DO}) + _D±^ {]D+Dn + lD - D * +)) + z^JJ^w) + Z]/^J X . (4) 



where Zu 1 u 2 is the probability to find the X in the hadronic state H\Hi with the normalization Zr>a D ,a + Z D ± D *^ + 
Zj^ + Zj^p = 1. For convenience, here and in the following we denote J/tp by J^. The probabilities Zh 1 h 2 have been 
estimated in (l4T | as function of the binding energy e. Our approach is based on an effective interaction Lagrangian 
describing the couplings of the X(3872) to its meson constituents. We apply two forms of such Lagrangians - a 
local Lagrangian and a nonlocal form containing the correlation functions $(y 2 ) characterizing the distribution of the 
constituents in the X(3872)). The simplest local Lagrangian reads 

+ ^ W d"X«(x) Jgjx) + ^ e,„ aP d»X<*(x) Jf {x) , (5) 

where g XHlH2 is the coupling of X(3872) to the constituents Hi and H 2 ; X is the field describing X(3872); J^j lHo is 
the current composed of the hadronic fields Hi and H 2 : 

r DB ,(x) = ±(D(x)D*»(x) + D(x)B*»(x)) , Jtfy = j;V? (6) 

where V = p,u>. 

The nonlocal version of the Lagrangian is obtained from the local one by introducing the correlation function into 
the hadronic current J^j H as 

J dd* (*) "> ^ = ^ / *V*dd- (^) (°(x + y/2)D*»{x - y/2) + D(x + y/2)D*»(x - y/2)\ , (7) 

Jj,v( x ) "> flfvW = J fa) I d^v{y 2 )V^x + y) . (8) 

Here <&dd* is the correlation function describing the distribution of DD* inside X. The function $y describes the 
distribution of the light vector meson V — p or lj around the J^, which is located at the center of mass of the 
X(3872). Since ray <C mj^ this description is like in heavy-light mesons where the heavy quark Q is surrounded 
by a light quark q in the heavy quark limit of m q -C mg). A basic requirement for the choice of an explicit form of 
the correlation function $ is that its Fourier transform vanishes sufficiently fast in the ultraviolet region of Euclidean 
space to render the Feynman diagrams ultraviolet finite. We adopt an identical Gaussian form for both correlation 
functions = $y = &x in order to reduce the number of free parameters. The Fourier transform of the universal 

vertex function $x is given by 

^(p|/A 2 )=exp(-p|/A^), (9) 
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where pe is the Euclidean Jacobi momentum. Here, Ax is a size parameter. In Ref. [2!| the parameter was varied 
in the region 2-3 GeV, a typical scales for D and D* mesons - constituents of X(3872). In the present paper we 
fix the value to Ax = 2 GeV which is close to the masses of D and D* mesons. One should remark, up to now we 
have no strong and direct justification for the value of the Ax- The final conclusion about its magnitude can done 
when we have more precise data on AT (3872). Note, the local limit corresponds to the substitution of $x by the Dirac 
delta-function: $x(y 2 ) — * 8 i {y). 

The coupling constants g a a are determined by the compositeness condition [37], H^, H3, El[ . It implies that the 
renormalization constant of the hadron wave function is set equal to zero with 

Z x = l-T,' x {m x ) = Q. (10) 

Here, Ti' x (m x ) = dE x (p ) /dp \ p 2— m 2 is the derivative of the transverse part of the mass operator E^ ', conventionally 
split into the transverse Ex and longitudinal Yj x parts as: 

E£» = 5 f Ex(p 2 ) + E x (p 2 ) , (11) 

where g^ — g^ v — p^p" jp 2 and g^Vn — 0- The mass operator of the A(3872) receives contribution from four 
hadron-loop diagrams 

Z>x(m 2 x ) = T, D o D »o(m x ) + Y, D ± D , T (m x ) + T,j^(m x ) + Y, JiiP (m x ) . (12) 

induced by the interaction of X with the corresponding hadronic pairs H1H2 given in Eqs. ([5]) and ([6]). A typical 
diagram contributing to Yj x v (jj) is shown in Fig.l. Using Eq. ^ and the compositeness condition (flU)) we get four 
independent equations to determine the coupling constants g XHlHo '- 

Z Hi h 2 =^' Hl H 2 ( m x) ■ (13) 

In order to evaluate the couplings g XHlH we use the standard free propagators for the intermediate particles Hi and 
//.;: 

zS P (x -y) = (0\TP(x)P\y)\0) = / e - ik ^S P (k), S P (k) = 2 1 . (14) 

for pseudoscalar fields P and 

^* -*(x-v) 5r(fc) g r(fc)= 9 +fc fc /my 
(27r) 4 i m,y — k A — le 

for vector fields V. 

Following Eqs. (fTU)l and (fT3")) in the nonlocal case the coupling constants g XHlH2 are given by 

1 00 

Z£>Q£>*o 1 f j f da a P(ct,x) / 1 



4 D o D .o J ""J -1^^ i 1 + 4^.0(1 + a) J eXp(Zl) < (16) 





1 

Zj/ipv _ 1 f , f daaQ(a,x) / 1 



where 



P(a, x) = — - I 1 + 2ax(l — x) I , Q(a, a;) = aa;(l + a(l — 2:)) , /x, = — — 
2 V / Ax 



9 2 /1 \ 2 r\ 2 r\ 2 /1 \ ^^(^5 ^0 2 / n\ 

zi = -2(i D ,ax - 2fj, D a(l - x) + — /i x , z 2 = ~2^ J/4 ,ax - 2^ v a(l - as) + — fj, x . (18) 

The expression for g xD±D ,^ is obtained from (|16[) by the corresponding replacement of masses and probability pa- 
rameter Zh 1 h 2 - 

In the local case we neglect the longitudinal part k^k v /m v of the vector meson propagator for the calculation of 
the coupling constants g XHlH2 in order to have finite results. When writing the mass uih of the hadronic molecule in 
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the form mx = mn 1 + ttih 2 — £h 1 h 2 i where £h 1 h 1 represents the binding energy specific to a hadronic pair (H1H2), 
we can perform an expansion of g xH H2 in powers of £h\H 2 - The leading-order 0{^eHiH 2 ) result of 

91h 1 h 1 _ r (m Hl +m H2 ) 5/2 r— , > 

- Zh ^ ^ m Hl m H2 V32^ lff2 (19) 

is in agreement with the ones derived in Refs. [H, [H, HH also based on the compositeness condition Zx = 0. Here 
we have the factor C Bl „ a = 1 for H X H 2 = D°D*°,D ± D*T and C BlBa = 1/2 for J^oj, J^p. 

The numerical determination of the couplings g XHlH2 for a specific hadron pair H± and H2 shows that values obtained 
in the local and nonlocal case are very similar to each other. For example, for a binding energy of cd°d*° = 0-3 MeV 
which corresponds to nix = 3.87151 GeV, e D ± D *^ = 8.38 MeV, ej, u = 8.056 MeV, and ej^ p = 0.896 MeV we get in 
terms of the probability factors Zh 1 h 2 



j x „ „ = 7.13 GeV \/ Z D a D ,a (nonlocal) , 4.33 GeV y Z D a D ,a (local) , 
g xD±D ,^ = 11.39 GeV ^Z D±D , T (nonlocal) , 9.98 GeV yJZ D±D . T (local) . 
9xj^ = 6 - 59 GeV JZjf (nonlocal) , 7.79 GeV JZj^ (local) , 



g XJ ^ = 4.93 GeV yj Zj^ p (nonlocal) , 4.50 GeV ^ Z, hp (local) . (20) 

We point out that for the three couplings g xD±D ,^ , 9 XJ u ano - 9x 1 „ there is no big difference between the nonlocal 

and local case. The reason is that the local couplings scale as e# ^ • Therefore, a sizable deviation of the local coupling 
from the nonlocal one will only be relevant for values of €h 1 h 2 < 1 MeV. For the nonlocal couplings the dependence 
on ch 1 h 2 is less pronounced. To illustrate this effect, in Table 1 we indicate the dependence of g D<i0 / V Z 'jyo £>*o as a 
function of e^o d*o both for the local and nonlocal case. The nonlocal coupling changes slowly when eD°D*° is varied 
from 0.3 to 3 MeV. This is not the case for the local coupling: its value changes significantly when e^o D -o is increased 
from 0.3 to 1 MeV, but it remains more stable and gets closer to the result of the nonlocal case for e D o D *o > 1 MeV. 
(This corresponds to the case of the other couplings g XHlH2 calculated at €h 1 h 2 > 1 MeV). 

B. X — > Xcj + 7T° transitions 

In this subsection we consider the formalism for the two-body V(3872) — > \c.j + ^° transitions. Here the values of 
J = 0, 1, 2 correspond to the J p = + , 1 + , 2 + quantum numbers of the charmonium states. The decays are described 
by the (D°D*°) loop diagram shown in Fig. 2. A further inclusion of the charged (D ± D* =F ) loops approximately gives 
the following correction to the decay widths 

(21) 

The diagrams of Fig. 2 are generated by a phenomenological Lagrangian which contains two main parts: i) the first 
part is the Lagrangian derived in our approach describing the coupling of V(3872) to its constituents; ii) the second 
part is the set of interaction Lagrangians describing the possible couplings of D(D*) mesons to pions and charmonia 
states. This second part can be taken from heavy hadron chiral perturbation theory (HHChPT) [43|, 0, |4|| (for 
convenience we use a relativistic normalization of the meson states and write the Lagrangians in manifestly Lorcntz 
covariant form): 

9D'D^ ( n* „-^A..nt 

Cd-d*. = e^ a0 (Dl»ff'it iJ d a D?i + II,-. j . , 2* ! 

£ XcJ £>(»)£>(») = Xco(gIxcoDdDI Di + g X coD*D*D* a \D, 

+ Wx^D-DXci (D* m Dl + H.c. ) + g XtaD 'D'X£K i D$ . (24) 




£ D * Dn = ( D^id^jD] + H.c. ) , (22) 
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Here tt = txt is a 2 x 2 matrix containing the pion fields; D and D* are the doublets of charm pseudoscalar and vector 
D mesons; \cj are the fields describing the charmonium states; i,j are the isospin indices. The hadronic coupling 
constants are expressed in terms of the universal HHChPT couplings g,gi and the hadronic masses as [H. EL Ell] 



9D*D, _9_^ 



y/m D m D * F„ 



9 X aoDD = 3— —g Xc0 n*D* = ~2g 1 m D ^JZm XrQ , (25) 

9xdD*D = giyj2m Xcl m D m D * , 
9xc2D*D = 2g 1 m D ,^m Xc2 , 

where = 92.4 MeV is the leptonic decay constant. The coupling g = 0.59 (central value) is fixed from the data on 
the D* a — > D°tt branching ratio The coupling gi is related to the constant f Xc0 parametrizing the matrix element 
(0|cc|xcoO)) = fxao m xa El as 



Using the estimate for f Xc0 = 510 MeV from QCD sum rules [4|| we obtain for the coupling g\ = —2.09 GeV~ 1//2 . 

Evaluation of the diagrams in Fig. 2 allows to write down an effective Lagrangian corresponding to the X(3872) — > 
XcjTi" transitions with 

£ XXcl „ = 9 -^^d a X^ X ^d^ Q e^, (27) 

TYl x 

In terms of the effective couplings gx XaJ -n the decay widths of the X(3872) — > Xcj"" transitions are determined 
according to the expression: 

r W 3872) -> XcJ ^) = ^c J9 ^ cj , , (28) 

where cj = 1 for J = 2 for J = 1 and 5/3(1 + 2P%/hm Xc2 ) for J = 2. Here = A 1 / 2 (m 2 x , m 2 Xcj , m 2 )/ (2m x ) is 
the pion momentum in the X(3872) rest frame and A(x, y, z) = x 2 + y 2 + z 2 — 2xy — 2yz — 2xz is the Kallen function. 



C. X — > Xc.t + 27r transitions 

For the three-body decays X(3872) — > %cj + 2tt° we evaluate the diagrams of Fig. 3. In our notation p, pi, p 2 and 
P3 are the momenta of X, XcJ and the two pions, respectively. We introduce the invariant variables Si(i = 1,2,3): 

p = P1+P2+P3, 

si = (Pi +P2) 2 = {p-Pzi 2 , 

52 = {P2+P3? = {P-Pif, (29) 

53 = (pi +P3) 2 = {P-P2) 2 , 
Si + s 2 + S3 = m 2 x + m 2 Xc j + 2m 2 . 

The decay widths are calculated according to the formula: 

(m x ~rn XcJ ) 2 s+ 

r(X(3872) -> XcJ + 2tt°) = 1536 ^ 3m 3 1 ds 2 J d Sl Y,\M inv \ 2 , (30) 



4mi P Ql 



where 



■ + m 2 c; - s 2 ± X^(s 2 ,m x ,mlJl- ^) (31) 
and Mi nv is corresponding invariant matrix element. 
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D. Hadronic and radiative X — > J/tp + h decays 

To get estimates for the decay widths of X(3872) — > J/tp + h with h = ir + ir~ir°, ir + ir°, 7r°7, 7 we use the results of 
Ref. [13], which are based on the assumption that these decays proceed through the processes X to J/ifjui and J/ipp. 
In particular, it was shown that the A(3872) — > J/rp + h decay widths can be expressed in terms of G XJ v couplings 

as [Hj]: 

T(X -> J/V^+vr-) = |G XJ J 2 • 223 keV, 

T(X — ^ J/^Tr+vr-TT ) = |G X w | 2 ■ 19.4 keV , (32) 

T(X -> J/ijm°"f) ~ |G X ^J 2 • 3.24 keV, 

r(X -> = |G X .^ P + 0.30G XJ ^| 2 • 5.51 keV. 

The couplings Gxj^v introduced in [l8| are related to our set of couplings gxj^v as: 

= ■ (33) 

In our approach, based on the representation ((4|) for the X, we deduced the effective couplings g XJ u and g XJ p in 
terms of the unknown probabilities Zxj^u and Zx.]^ P - These results we use in Eqs. ([32"j) - ([33"l) . Note that Eqs. (|32|) - 
(|33|) . corresponding to the X — * J/^i + h decays, only take into account short-distance effects [l8j |. To be consistent 
one should also include long-distance effects due to the contribution of the molecular D°D*° component. Such a 
detailed analysis goes beyond the scope of the present work. Here we estimate both short and long-distances effects 
only for the X — > 7 J ftp decays using our previous results on the molecular contribution obtained in Ref. [29I ] . 

III. RESULTS 

We present our numerical results in terms of the probabilities Zh^h^ and then substitute the typical values for 
Zh^h^ based on the estimate of Ref. [3| for a binding energy of e = 0.3 MeV: 

ZDO fl .o =0.92, Z D ± D , T = 0.033, Zj+ U = 0.041, Zj^ p = 0.006. (34) 
In Table 2 we present our results for the X — > XcJ + 7r°(27r°) decay widths and the ratios 

rpr -> xcj + 2^°) 
ficJ " r(x^ XcJ + n°) ■ (35) 

We also give predictions for the effective couplings g Xx . In the second column we indicate the contribution of the 
D°D*° loop only. Results are given in terms of the Zh 1 h 2 factors and values in brackets are based on the explicit 
numbers of Eq. (f3"4")l . The third column contains the results including both D°D*° + D~D* + loops, again based on the 
probability factors of Eq. ([34]) . In the fourth column we give the predictions based on the approximate formula (|21|) . 
We also introduce the notation [3 = (Zjj±d-,^/Zdo d ,o) 1 / 2 for the ratio of the probability factors. Again, values in 
brackets are deduced with the explicit values for Zh 1 h 2 - 

The D°D*° molecular component gives (as naively expected) the dominant contribution to the X — > \cj + 71-0 j 27r° 
rates. Also, the results based on the approximate expression (|2"Tj) including the charged £) ± D* =F component turn out 
to be quite close to the exact calculation. Comparing our predicted ratios of Table 2 to the results of Ref. [3l| 

R c0 = 9.1 x 10~ 6 , R cl = 6.1 x 10" 1 , R c2 = 7.8 x 10~ 6 (36) 

larger differences occur. This is especially due to the nonrelativistic treatment of the _D° and D* a mesons in Ref. [3lj ]. 
The large value of R c \ in Ref. [3JJ is sensitive to the treatment of the pole position of the nonrelativistic energy 
denominator and to the width of the D° meson. 

In Table 3 we present our results for the X — > J/tp + h decays as based on the set of relations of Eq. (|3"2"|) . The 
predictions are given both for the local and nonlocal cases. Again, final results arc given in terms of the relevant 
Zh!H 2 factors, using in addition the notation a = (Zj^p/Zj^) 1 ' 2 , while numbers in brackets are based on Eq. (j34)) . 
For the probability factors of Eq. (|3"4"|) we also list our results for the ratios 

_ T{X -> J/yjn+n-ir ) T(X -> J/jry) 

1 r(JC -» J/^tt+tt-) ' 2 T(X -» J/yjir+n-) ' 1 ' 
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related to the present experimental situation given in Eqs. (p} and ([2]). One can see, that nonlocal and local cases 
are numerically similar to each other. To our mind only the decay width T(X — > J / ipir + it~ it ) and hence the ratio 
Ri might be overestimated in the local case. Also note that the results for Ri and R2 in the more realistic, nonlocal 
case are consistent with present experimental findings displayed in Eqs. |T]) and Let us remark that the results 
obtained in the local case are close to the nonlocal case. As one can from the numbers, the local approximation 
including truncation of the vector meson propagator is reasonable approximation to the nonlocal case at Ax = 2 
GeV. When Ax is increasing the difference of two cases becomes more sizable. 

Next we also want to comment on the result for the decay width F(X — > J/ip'y). In Ref. [29[ we originally gave an 
estimate for this decay width including the molecular D°D*° and the cc charmonium components. We showed that 
the contribution of the charmonium component is strongly suppressed. For a cutoff value of A = 2 GcV our result 
for T(X -> J/ip'y) was 118.9 keV. In Ref. ^ we described the couplings of J/ip to D°D° and D*°D*° applying a 
phenomenological Lagrangian used in the analysis of J/ip [47|- We also did not include possible, additional form factors 
at the meson interaction vertices for reasons of simplicity and in order to have less free parameters. Inclusion of such 
form factors could lead to a further reduction of the predicted value for the X — > J/ipj decay width. The importance 
of these form factors was recognized before in connection with different aspects of charm physics, in particular, with 
the suppression of the J/ip dissociation cross sections [48[ . This implies that our result of Ref. [29j corresponds to an 
upper limit for the decay width F(A — > 7 J/ip). Let us note that this value can be further reduced by the following four 
effects: i) by the probability factor Z D a D ,a\ ii) when using smaller values for the couplings of J/ip to the D°D° and 
D*°D*° pairs (in Ref. [29j we used g JiiDD — 9 JiiD * D + = 6.5); iii) by the inclusion of form factors in the J/ipD°D° and 

J/ipD*°D*° vertices; iv) when taking into account the short-distance mechanism of the X — * J/ip + V[— * 7] transition, 
considered presently, leading to destructive interference with the molecular contribution. Without introducing form 
factors at the J/ipD°D° and J/ipD*°D*° vertices and taking into account three additional suppression effects [i), ii) 
and iv)] we now have for F(A — ► J/ip'y) in terms of the coupling gj^ — g , iDD — 9 ,^ D - D - '■ 

F(A -> J/Vrr) = (1.605 g Jip - 2.354) 2 keV. (38) 
When varying gj^ from 5 to 6.5 we get 

T(X -> J/ipi) = 32.2 - 65.3 keV, (39) 

where a further possible reduction of this value can be obtained by including form factors at the J/ipD°D° and 
J/ipD*°D*° vertices. Note, that three different results for the T(X — > J/tpj) are obtained using different approx- 
imation for the A(3872) wave function: i) 64.4 - 118.9 keV was obtained for a mixture of molecular DD* and 
charmonium cc components; ii) 5.5 keV was obtained for pure J/ipV components; iii) 32.2 - 65.3 keV was obtained 
taking a destructive interference of molecular DD* and charmonium cc components with J/ipV components. 

Our final comment concerns the X — ► ip(2s) +7 decay width recently measured by the BABAR Collaboration [34| : 

r(A^(2s) 7 ) r , n . 

In our opinion this value can be interpreted as a signal for mixing of the D°D*° and J/ipV components in the 
X — > J/^7 mode. In the X — > ip(2s)j transition only the molecular D°D*° component will contribute under 
the condition that a ip(2s)V component in the A(3872) is completely absent or suppressed relative to the J/ipV 
configurations. In the future we plan to calculate all the decay modes X — * J/iph including X — > -0(2s)7 using the 
HHChPT Lagrangian [45[. 



IV. SUMMARY 



We have considered the A (3872) resonance with J PC = 1 ++ as a composite hadronic state made up of a dominant 
molecular D°D* a component and other hadronic pairs - D^D*^, J/ipuj and J/ip p. Applying the compositeness 
condition we constrained the couplings of A(3872) to its constituents. We calculated two- and three-body hadronic 
decays of the A (3872) to charmonium states XcJ and pions using a phenomenological Lagrangian approach. Then 
using the estimated XJ/iptu and XJ/ipp couplings we calculated the widths of A(3872) — > J/ip + h transitions, where 
h = 7r + 7r~ , 7T + 7r~7r°, tt°j and 7. The full, structure-dependent decay pattern of the A(3872) developed here can serve 
to possibly identify its hadronic composition in running and planned experiments. 
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Table 1. Dependence of the couplings G XD g Dr0 = g xD o D *o /Zjo D *o on the binding energy e D o D *o. 



e fl o D ,o (MeV) 


0.3 


0.5 


0.7 


1 


1.3 


1.5 


1.7 


2 


2.3 


2.5 


2.7 


3 


Local case: g xd0d , (GeV) 


4.33 


4.92 


5.35 


5.85 


6.25 


6.48 


6.69 


6.96 


7.21 


7.36 


7.50 


7.70 


Nonlocal case: G XD o D ,o (GeV) 


7.13 


7.25 


7.37 


7.54 


7.72 


7.83 


7.94 


8.11 


8.28 


8.39 


8.49 


8.65 



Table 2. Properties of X — > Xc.j + 7r°(27r ) decays. The numbers in brackets and for column 
°D*° + D~ D* + [exact] result from explicit values for Z D o D *o and f3= (Z D±D , T /Z DaD ,o) 1/2 ofEq. JM). 



Quantity 


loop 


D°D*° + D~ D* + 
[exact] 


D°D*° + D~D* + 
[Eq. (12111 




0.826 ^/Z D o D ,o (0.792) 


1.007 


0.826 V^«i3*o(l + ,3) (0.942) 




0.444 y/Z D o D *o (0.426) 


0.539 


0.444 V^uo I5 -o(l + /?) (0.507) 




0.655 JZ D o D ,o (0.628) 


0.797 


0.655 V^do_d«o(1 + 5) (0.747) 


r(X^Xco + vr°), keV 


41.1 Z d0d , (37.8) 


61.0 


41.1 Z D o D *o (1 + /3) 2 (53.5) 


T(X Xco + 27r°), eV 


63.3 Z D o D ,o (58.2) 


94.0 


63.3 Z D o D ,o (1 + f3) 2 (82.4) 


J?cO x 10 3 


1.54 


1.54 


1.54 


r(JT ^Xci + tt ), keV 


11.1 Z D o D ,o (10.2) 


16.4 


111 Z D o D ,o (l + (3) 2 (14.5) 


rpf^Xci+27r°),eV 


743 Z D o D ,o (683.6) 


1095.2 


743 Z^.o (1 + /3) 2 (969.6) 


J?cl x 10 2 


6.69 


6.68 


6.69 


r(X^Xc2+vr°), keV 


15 Z D a D ,o (13.8) 


22.1 


15 Z D » fl .o (1 + /3) 2 (19.5) 


r(X^Xc2 + 27r°),eV 


20.6 Z D o D ,o (19.0) 


30.4 


20.6 Z D o D ,o (1 + /3) 2 (26.9) 


Rc2 x 10 3 


1.38 


1.38 


1.38 



Table 3. Properties of X — ► + h decays. The numbers in brackets and for the ratios Ri, R2 
from explicit values for Zj^ p , Zj^^ and a = {Zj^p/Z,,^) 1 ' 2 of Eq. JM}. 



Quantity 


Local case 


Nonlocal case 


T(X -> J/^tt+tt"), keV 


7.5 x 10 3 Zj^ p (45.0) 


9.0 x 10 3 Zj^p (54.0) 


T(X -> J/^TT + TT-TT ), keV 


1.92 x 10 3 Zj^ u (78.9) 


1.38 x 10 3 Zj^ (56.6) 


T(JC -> J/^7r°7), keV 


0.32 x 10 3 Zj^ (13.2) 


0.23 x 10 3 Zj^ u (9.4) 


r(Jf -> J/^7), keV 


49.18Zj^(l + 1.94a) 2 (6.1) 


35.19 Z./^(l + 2.51a) 2 (5.5) 




1.75 


1.05 


i?2 


0.14 


0.10 



